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DEMONSTRATED; 
| And from thence 
Its NATURE, CONSTRUCTION, and 
USES, are fully ſhewn. 
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A NEW CONSTRUCTION of the QUADRANT, 3 
which, by Means of an artificial HORIZON, renders 

it of univerſal Uſe by SEA and LAND. * 
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FT Have abiuaye hooked upon the PRACTICE of any Art as very 


(| deficient without the THEORY ; and the ſame may be ſaid with 
regard to the Uſe e, any Inſtrument ; for as Errors in Practice 


gare oftentimes unavoidable by the moſt ingenious Artiſt, and cannot 
be corrected without the Theory; ſo if any Fault happen in the 
Conſtruction of an Inflrument, it cannot be detected ſo well as by 
a Knowledge of the Rationale thereof, or of the Reaſon of every 


Part which compoſes it, and points out its Le. Nor is there any 
Art of greater Importance than NAvIGATION, nor any Inſiru- 
ment uſed in this Art of Jo much Conſequence as HaDLey's Qua- 
drant, (originally invented by Sir I. NEwTON.) The Theory 
of this Inſtrument, therefore, ought, above ail Things, to be un- 
derjicod by every Mariner awho has any Share in condudting a 
Ship. But as I have not ſeen any Book where it is explained to 
the Capacity of young Navigators, I thought it would not be miſ- 
applying Time, if 1 oflered him my Aſſijlance in drawing up & 
plain and eaſy Demonſiration of the Nature, Confirufion, and Lie 
of this capital Inſtrument, and which 1 here preſent them with in 
the following ſmall Tract. I hawe alſo added a new Table of 
the Sun's Declination, for finding the Latitude of the Place by the 


cbJerved Meridian Altitude, and which ought to ge with every 
Quadrant that is ſold, to render its Uſe compleat. 


As Sea-faring Men mate that Claſs of People on whom a Ma- 
ritime State has the greate/t Dependance, (and no Nation is a 
conſpicuous in that Character as GREAT BRITAIN) they ought, 
among us, to be diſtinguiſhed with proper Regard; to be on all 
Occaftons humanely treated; io have due Encouragement and ade- 
quate Rewards, and to have all the Helps afforded them to render 
their arduous Pradice, in navigating a Ship, as eaſy and pleaſant 
as poſſible. I ſpould be glad if it were more in my Power to be 


Subſerwvient in promoting that great End. This is not the fir/t, nor 


( probably) will be the laſt Inſtance of my Willingne/s and Read 


neſs to contribute thereto ; | 


Who am, 
with real Sincerity and Pleaſure, 
their moſt obedient Servant, 


ENI. MARTIN, 


A DVERTISEMEN x. 


1 Have already taken Notice of the nartificial Method of 

dividing the Limb of the Octant for taking Altitudes by 
Diagonal — in Page 12th and 13th ; but there is ano- 
ther Part of the Contindtiion of this noble Inſtrument 
which has paſſed hitherto unnoticed, and which is the 
more to be wondered at, as it anſwers no End or Purpoſe 
at all, and is therefore e.ery Way abſurd and prepoſte- 
rous ; I mean the foliating or quickfitvering the lower ſmall 
Glaſs for the Back-obſervation ; ſince no Object that you 
view by Reflection in this Glaſs is ſeen in the quick- 


ſilvered Part; tho” it be ſo declared and deſcribed by the 


Authors who write on the Uſe of this Inſtrument. If 
you aſk where then do the Objects appear in this Glaſs? 
1 anſwer, in the tranſparent Slit, or unſilvered Slip of 
the Glaſs, and in that Part only; therefore this Part 
only ſhould be filvered, and the Objects viewed in it 
would be ſeen much more vivid and ſtrong than they now 
are; the Pretence of ſeeing the Edge of the Sea through 
that Slip, is vain, as there is nothing to make it neceſſary, 
or of the leaſt Uſe ; for the beſt and only rational Me- 


thod of Proceeding in the Back-obſervation, is to look 
at the Object in a ſilver'd Part of this Glaſs with one 


Eye, and at the Horizon (or Edge of the Sea) with the 
other Eye ; for then they will appear together, and moſt 
diſtinctly. That the Whole of what I have aſſerted is 
FaR, you may prove, by rubbing all the Quickſilver off 
from the Glaſs, and you will ſee no Difference thereby 
made in the Obſervation of Objects. Or thus; put a' 
piece of black Paper or Paſteboard over the Glaſs, with a 


| Slit in it juſt equal to that in the Glaſ, and exactly 


over it; then thro” the Slit in the Paper and Glaſs toge- 
ther, you will ſee every thing the ſame as thro! the Slip 
in the Glaſs alone; which will plainly prove the quick- 
ſilver'd Parts are of no Uſe, © | 
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e Tarony of HADLEV's QUapaanT 


f demonſtrated. 


T is not to be ſuppoſed that any Perſon can- under- 
ſtand the Uſe of any optical Inſtrument whatſoever, 

who is not acquainted with the fir? Principle (or ra- 
ther Axiom) of Orrics, viz, That in Caſe of Light 
falling on, and reflected from any poliſhed Surface, or Spe- 
culum, the Angle of Incidence is ever equal to the Angle of 
Reflettion. © a 
| his Principle is demonſtrated by Mritert on Orrics, 
both from Reaſon and Experiment, and is eaſily illuſ- 
trated by the annexed Figure. 

Let E F be a _ 
peculum, or plain 8 | 
Looking-glaſs, on + 2 | 


hich a Ray of N 
Night 8D falls mn - * % 
the Point D; then 
f the Line PD 
pe perpendicular 
Fo the Glas in 
Whe Point D, and O 
make the Angle 
PD O equal to 
he AnglePDS, 
e * DO will 
the refed Ray; 
in 25 8422 | 
_ 2: of In- E 
9 4 © S DP will ever be equal to the Angle of Refleftion 
b be an Index fixed at Right-angles to the back 
55 of the Speculum F E in the Point D, it will then be 
e Direction of the Perpendicular PD; and _ 
5 57 10 incident Ray 8 B continued from D to L, 
VM 


— Cue I Ira ern ene ey Fen ee en 


y inflining or moving the Index D M towards 
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iy - 1 RT - 

2. 

_ oO” ** 8 5 
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DI, the Glaſs F E will have the fame Motion on the 


Point or Center D, and. at Length 


« 'coiticide with it. 
But as the Perpendicular P D a 
S D, the Angle of Incidence'P D 


PD O, which is always 
D 


the Motion of the reflected Ray 
dex D M, or of the Glaſs itſelf F E. 


If in the Line DL a Circle be deſcribed on C, with | ; 


arrive to the Sitnatiors 
AB, during which Time the Perpendicular PD will 
1 approach, to the incident Ray S D, and, at 
proaches the Rye 
is conſtantly de- 
creaſing, and therefore, alſo, the Angle of Reflection 
equal to it. And when PB 
coincides with 8 D, or DM with D L, then both theſe 
Angles. vaniſh; and the ineident Ray is reflected back 7 
upon itſelf, or in the ſame perpendicular Direction from 
to 8. x1 1 


In the Time the Perpendicular PD moves through, 
the Arch P 8, the reflected Ray DO moves thro''the 
Arch O'S, which is double the Arch PS. Therefore Z 

O D is twice as quick 
as the Motion of the Perpendicular PD, or of che In- 


the Radius C D, and the Diameter G I be drawn at 


right Angles to D K; then if the Index D M paſs thro- 
of that Diameter, it will contain an Angle 


the End 


MDL equal to half the Angle I C K, or go Degrees; 4 


therefore the ſaid Angle MDL equal to $ D 


P equal to 


PD O, is 45 Degrees. Hence the Arch OPS is a 


Quadrant, or 9« 
AB be parallel to the Horizon H O, while it (or 


Index D M) moves thro' 45 Degrees into the Situation 
EF, a Ray from the Sun 8, in the Zenith, will be re- 
90 


The Lines HO and G N being parallel, the ſtrait 1 5 
Line PM, which croſſes them both, will make the'al- 
M equal to D I G; 


flected from thence to the Horizon at O, which is 
Degrees. WY 


ternate Angles equal, or the Angle HD 


| 3 and therefore, if the Glaſs 


9 i 
. = 
its "3 
F 
7 


for it is evident, ſince D Hand: I N are parallel, they 


make the Angle H DI equal to the Angle NI M ; but 7 | 
the Angle NI M is equal to the Angle DIG; there- J 


fore the Angle H D I is equal to the Angle D I G. 


Every Thing we have hitherto premiſed, is, we pre- 
ſume, evident from a bare InfpeRion of the Figure, and 


is ſufficient for underſtanding what we have further 
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ſay relating to the Reflection of Light from two Glaſſes, 


as they are put together in the Conſtruction of Hadley's 


Duadrant, and from whence the Nationale of that In- 


ſtrument will fully appear. 


Let AB (Fig. 1.) repreſent the larger Glaſs of Hadley's 


[ j Quadrant, moveable about the Center C of the Inſtru- 
ment, by means of the Index on which it is fixed; and 
let P C be perpendicular thereto in the Point C; then if 


| any Ray of Light, as H C, fall upon it in the Point C, 


3 it will be ſo reflected as to make the Angle of Incidence 


2 H C P equal to the Angle of Reflection P C G; and 


therefore, by deſcribing on the Center C the Circle 


[MG L, and making the Arch PG equal to P H, the 
Line C G will be the reflected Ray. 


Again; let F be the ſmaller Glaſs in a Poſition F N, 


} parallel to that of the larger one A B, and ſuppoſe FQ 


perpendicular thereto; then, again, the Ray of Light 
[CG falling on this Glaſs in the Point F, will be fo re- 


gected, that the Angle C F Quill be equal to the Angle 


Fl, if F I be the reflected Ray. 


Now becauſe the two Glaſſes A B, and F, are in a 


5 parallel Poſition, therefore the Perpendiculars P C and 
F Q will alſo. be parallel; therefore the right Line C F 
which croſſes them in C and F will make the alternate 


; Angles PCF and C F 
Angle H C P will be equal to the Angle 


equal; and conſequently, the 
QF I, which 


1 proves that the Ray E I, after two Reſlections, is parallel 
10 the incident Ray H C. 


Hence it follows, that in all Poſitions of the Qua- 


: | grant (while the Glaſſes remain paralle], to each other) 
the Eye at I will view any Fery diſtant Object in the ſame 


Place by the reflected Ray 
incident Ray at O, if the Glaſs AB were removed. 


Hence the Reaſon of adjuſting the Quadrant by a di/tant 
1 Objedts, either the Horizon itſelf, or any other remote 
Odject, ſince in ſuch a Caſe, the Object ſeen by the 
direct Ray H C, and the Image ſhewn by the reflected 


3 Bay FI do coincide, or appear in one and the ſame Place. 


ut this will not be the Caſe when the Object is 


Wo near, that the Line or Diſtance C S ſubtends at the 
Object a ſenſible Angle, becauſe then the Incident and 


reflected Rays H C and 5 I interſect each other; and 
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thereſore the Object and Image, in the Glaſs at F, will 3 
appear in two different Places. The leaſt Diſtance of 
an Object, by which the Glaſſes can be truly adjuſted, 7 


is about half a Mile; but farther off, the better. 


If the Poſition of the ſmall Glaſs (Fig. 2.) F be per- 
pendicular to that of the large Glaſs AB, or T FN 

rpendicular to A B D, and the Line QF perpendicu- 
be to the ſaid Glaſs in F; then the Angle H CP is equal 
to the Angle PC F, as before; and alſo the Angle 
CF Qis equal to the Angle QF I; therefore the An- 
gle CF N is equal to the Angle IF T; but T N is 
parallel to PC; therefore the Angle C F N is equal 
to the Angle F CP, and alſo to the Angle PC H; con- 
ſequently the Angle T FI is equal to the Angle PC H. 


But T F is parallel to P C, therefore the reſſected Ray 


IF is parallel to the incident Ray H C. Wherefore the 


2 


35] 

5 a 
Ds 
7 8 £ 


Image of an Object, at a great Diſtance, is ſeen at R, i 


by an Eye at I in the ſame right Line with the Obje&t 8 


itſelf, but in an oppoſite Part of the Hemiſphere ; which 


gives the Reaſon why the Second, or lowermoft of the ſmall % 
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Glaſſes is placed in that Poſition on the Side of the Quadrant p: 


for the Back-obſervation. 


If while the Glaſs F retains its Poſition (as in Fig. 1.) 
the large Glaſs A B be moved on the Index from its pa- 
rallel Pofition in AD to any other as AX (Fig. 3.) then 
while the Index C X deſcribes the Angle D C X, the 
Perpendicular P C will deſcribe the equal Angle PC p. 
In this Situation of the Glaſſes, let M C be the incident 


W 


Ray, and FI the laſt reflected One, produce MC till 


it interſects the reflected Ray in I; then will the Angle 


MI F be equal to twice the Angle D CX. 


For in this Caſe, the Angle by the firſt Reflection is 
; increaſed from G CH to G CM, by the Exceſs HCM; xi: 
but the Half the Angle G CM is G Cp, and its Exceſs i 

above G CP (the Half of G C H) is the Angle PC y; 
therefore the whole Exceſs H C M of the whole Angle 


GCM above G CH muſt be equal to twice the Angle 1 


MI F) is alſo double the Angle D C X. 


i 


PC p, or twice the Angle DCX ; but fince HO is ir 
parallel to FI, the Angle MC H is equal to the Angle 

MIF ; conſequently, the Angle MI F, is equal to double us 
the Angle D CN; therefore the Hale M C'H (equal 10. el 
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Point C, which is the Center of the moveable Glaſs 
TAB; it is eaſy to underſtand that the Rays CF and F I 
will each of them be fixed; and therefore the Ray C F 
may be conſidered as falling on the Glaſs A B in the Point 
C, and thereby reflected in the Direction C M; but 


M, conſidered as the reflected Ray, has twice the 


4 Motion of the reflecting Glaſs A B, or its Index AX; 
that is, while the Index moves from D to X, the Ray 


Ss reflected from H to M, and the Arch H M is double 


the Arch D X, as we ſhewed in the Beginning was al- 
ways the Caſe in a ſingle Reflection. | 

3 it appears, that by moving the Index over any 
umber of Degrees on the Limb of the Quadrant, you 
meaſure an Arch in the Heavens juſt equal to twice that 
Number of Degrees. And therefore the Ofant, or 
igbth Part of a Circle, is, by this Conſtruction, ren- 
Hered equivalent to a Quadrant or fourth Part of a Circle 
For meaſuring Angles. | SE 
But the greateſt Advantage of this Inſtrument, and 
dy which it excels all others for Sea-uſe, conſiſts in this, 
bat the Image of an Object, by the ſecond Reflection, is qui- 
cent, or at Reft, while the Quadrant is in Motion; I mean, 
hat Motion which is made in a vertical Plane paſſing 
hrough the Object. For let the Inſtrument have what 
Poſition it will in that Plane, the Angle MI F is not 
Whereby affected or altered, and conſequently the Poſition 
ef the laſt reflected Ray is the ſame, and therefore the 
pparent Place, or Image of the Object, mult neceſſa- 
Wily be invariable, or at reſt. 

Loo demonſtrate this in the eaſieſt Caſe, we need only 
Fonſider, that as the Quadrant moves on the Point C, or 
Axis of the Glaſs A B (Fig. 1.) the Perpendicular PC 
ill be carried to, or from the fixed Line H O, and 
hereby the Angle PC H becomes diminiſhed or en- 
Freaſed; but the Angle PC F will ever be equal to 
3 CH; and becauſe the Perpendicular QF is always 
Win this Caſe) Rm to PC, therefore the Angle CF 
equal to PCF; and conſequently C FI is always 
aual to E CH; therefore the reflected Ray F I is pa- 
Pillel to H C conftantly, and will of Courſe ſhew the 
WP dject ever in the ſame Place, or at Ret, The Reaſon- 
I | = ing 


% 


Or thus; ſince the Glaſs F is immoveable, and alſo the 


14 : 
Ds 4 
8 
e 


ing is the ſame for Fig. 2, and 3, or any other Poſition 


of the Glaſſes, provided they are parallel to each other p 
when the Index is at the Beginning of the Degrees on 
the Limb of the Quadrant. ich 'Þ 
If the Quadrant librates ſideways, or has a Motion *þ 
contrary to the former, there will, indeed, be a Motion 
of the Image produced, becauſe, ſince the Image is al- 
ways formed in the Plane of Reflection, which paſſes %: 
through the Object and the Eye of the Spectator; it is 8. 
evident, if that Plane be changed, the Place of the Image ', 
muſt change with it, and a Motion of the Image will t 
be the Effect of ſuch a Motion of the Inſtrument. But 4 
then this Motion is ſo far from being detrimental, that, r 
on the contrary, it is of very great Uſe in many Caſes, 
which the Mariner very well knows. | = 

Theſe are all the eſſential Particulars which conſtitute 8 
the Nature and Theory of this capital Inſtrument ; the r 
Form of which, as it is fitted for Uſe, with a Nonius, is 

that in Fig. 4. " 88 
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Directiuͤns for the Uſe of HADPDTEY‚S QNA- 
b DRANT at SEA, with the Rationale of each pr 
| particular Proceſs. =. 

& HE Quadrant being applied in the uſual Manner to er 
take Altitudes by reducing all celeſtial Objects to the y 

Level or Edge of the Sea, this we may call the Marin ppl 

| Horizon, in Contradiſtinction to the true or natural Wi; 
Horizon. 4 | RS | 

To explain this Matter (Fig. 5.) let A B D be a ai 

Part of the Surface of the Sea; C, the Center of the Wn 

4 Earth ; A C, its Semidiameter equal to 439465 52 Engli/b Ihe 
A Feet. Then if A H be any Height to which the Eye is I 
7 elevated above the Surface of the Sea at A, and through Mur 
* the Point H you draw H O perpendicular to H C, that in 


4 1 | 
Nn Line HO will be the true Horizon: And if from the 
er point H you draw H E to touch the Surface of the Sea 
on in ſome Point B; then is the Line H E the Marine Ho- 
iron, or that which appears to the Eye. Laſtly, the 
n Angle contained between the two, vix. the Angle OH E 
n Is called the Dip of the Marine, or viſible Horizon, 
Hence, when the Altitude of the Sun or Star at 8 is 


* 


es 
' 1 

oi o 
__ 


Sz hich the Side B C is known, and alfo the Side C H 
te _ | 2 
ic Thus when AH is 44 Feet, the Angle OH E is 8 Minutes, 
6 34 
by 25 
17 
11 
6 
3 


1 


in 
n 


Phich correſponding Meaſures are more particularly ex- 
þ PPreſſed in Fig. 6. where A B is a Scale of Feet for the 
eight of the Eye, and C D a Scale of Minutes adapted 
WCnereto. _ 75 . : 

3X Beſides this, there is another Correction of the appa- 
o Ment Altitude of Objects meaſured by the Quadrant; for 
e y Reaſon of the Refraction of Light through the Atmo- 
„ phere, or Body of Air, the Places of all Bodies are raiſed 
higher above the Horizon than what they really are; ſo 
hat ſuppoſe S the true Place of the Sun or Star, its ap- 
arent Place will be at I by this Refraction of the Air. 
And it is the Angle or Arch G E which is meafured by 
Mae Inſtrument, and not the Arch F E, which is the real 


Altitude above the Sea; and therefore from the meaſured 


Arch G E we ſubtract on one Hand the Dip of the Ma- 
t Pine Horizon O E; and on the other, the Arch F G, the 
e 7” i Quan- 


a 
e 
5 
8 
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+ 


rl. 10 1 | | 


Quantity of Refraction; and then we get the Remaindei 
F O for the true Altitude required, of the Object at 8. NF 
If we have Regard to the Zenith Diſtance Z F of the 

Object 8, it is plain, that is made leſs by Refraction, 

being only Z G; therefore the Arch F G is to be added 

to the apparent or meaſured Zenith Diſtance, to have the 

true Zenith Diſtance Z F, of the Sun or Star at 8. Ef] 
The more obliquely the Rays fall on the Atmoſphere, 
the greater will be. the Refraction, and conſequently the 

horizontal Refraction will be greateſt of all, and at the 

Zenith, where the Rays are perpendicular there will be“ 
no Refraction at all. The Altitude obſerved, muſt there- 
fore be corrected by a Table of Refractions; ſuch an one 
I have here added, as follows. 2 
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33. O 1.47 f 3 
23.50 . 1.42 5 . 8 e 
17-43 1.38 520 0. . 
13.44 1.34 [5+ = 
I1.05 1.30 = 0 
9.10 1.23 _ : 

i 1.17 tic 
8.48 1.12 05 th, 
5-59 1.07 | 
$5.21 1.02 Pin 
4.50 0.58 [80 
4-24 124 0.54. 
4.02 [25 21 0.50 
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As the Meridian Altitude of the Sun is the common 

- Means for finding the Latitude of the Place, it ought to 

be known with the utmoſt Accuracy; but this depends 

on knowing the true Quantity of Refraction in the At - 
moſphere at a given Altitude, which will be variable ac 

1 cordingh 


8 
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. 
Pe 
” a PF 


N * 1 CI SON >! 
Eb ca atk 
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cording to the different Temperature and Denſity thereof 
Vat different Seaſons of the Year. This is the Reaſon 


i why all Tables of Refraction are in ſome Degree uncer- 
he tain, in ſmall Altitudes eſpecially; and thoſe given by 
n, Gitferent Authors, variable - ſome making the horizontal 
ed Refraction 35 30”, while others make it only 32 20 + 


e therefore chuſe to give that, which 1s a Mean among 


ne „ l 1 f 

c them all, and is nearly the ſame with that propoſed by 
re. ir J. NEwTox.. | | 

he An example or two will make all plain. Suppoſe the 


Obſerver's Eye 25 Feet above the Sea, finds the Altitude 
of the Sun, by the Quadrant, to be 15 30“. Now to 
the Elevation of the Eye A H 25 Feet, the Dip of the 
Priſible Horizon is 6“, and to the Altitude of 155 30, 
here anſwers a Refraction in the Table 3; the Sum of 
both is 9“, which deducted from the obſerved Altitude 
g“ 30”, leaves 15* 21” for the true Altitude above the 
real Horizon, or Angle FH O. | : 

= But in Caſe of a Back-obſervation, the Proceſs will 
be different; becauſe as all Objects do in the lower 
Glaſs appear inverted, it muſt follow, that thoſe which 
are above the true Horizon will appear below it; and 
Fhoſe which are below will appear in this Glaſs above it. 
And, therefore, ſince upon, moving the ing the Ob- 
ect, whoſe Altitude is taking, wffl appear to riſe up- 
ards, it will meet the Marine Horizon or Edge of the 
Pea, before it comes to the true Horizon in the Glaſs. 
Iso the Arch thus meaſured you muſt therefore add the 
ip of the Sea, and from that Sum ſubtract the Refrac- 
tion, and the Remainder will be the true Altitude of 
he Sun or Star, | | 

For Example. | Suppoſe by the Back-obſervation, I 


nd the Height of the Sun —— 15 18 
The Eye's Height 25 Feet. | 
Add the Dip — | 5 
| 3535 Sum 15 24. 
nl Subtract the Refraction — | 3 
'' Bo Remains the true Altitude 15* 21 
to A8 before. . 
C- | | ; N. B. \ 


E 
N. B. Since the Zenith Diſtance is the 8 
of the Altitude, the Refraction is ever to be added to 1 
— as it is always ſubducted from the horizontal 1 1 
fitude, 
As all Obj jects in the Back-Obſervation are made to " 
aſcend by 8 the. Index forwards, fo they will appa- 4 
xently deſcend by moving the Index backwards; there- 
fore if the Index beſet to the Beginning of the Degrees, * 4 
and then moved backwards, you will ſee the reflected 
Horizon, in the Glaſs, deſcend to the viſible Horizon a '7 
or real Edge of the Sea; and ſince the reflected Horizon 
is as much above the real Horizon, as the viſible Horizon 
is below, tis evident, that, to make both coincide, the 
Index muſt be moved back from the Beginning of the 
Arch juſt ſo much as is equal to double the Dip of the $a; 
whence it appears, that by this Means, the Dip may be 
known at any Time, without meaſuring the 3 off © 
the Eye above the W ater. | * 
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hen * the Liu on the Qua: | 
by DiaGonal LINES, and 1 


AS each Degree on the Limb is divided into 3 equal 
Parts of 20 Minutes each, ſo each one of theſe if 
again ſubdivided into 10 others 'by the common Contri- 
vance of diagonal Lines, conſequently the Altitude may 
1 taken to 2 Minutes by a Quadrant of 18 or 20 Inches 
adius. 
But the uſual Conſtruction of this diagonal Limb ſeem! 
faulty, as it makes ſo great a Confuſion in the Diviſion 
by ſuch numerous Interſections of Lines; for as there 
are 270 diagonal Lines, and 10 circular Ones, they 
make no leſs than 2700 Interſections, and in ſo ſmall 3 
Space, that one would wonder how ſuch a dazzling and 
mplicated Diviſion of a Quadrant, in ſuch conſtant 
al univerſal Ule, could have been ſo long tolerated by 


Cuſtom 1 


I 


It * 


o Cuſtom; and nothing more verifies the Poet's Di- 


-ich, 


Cos rou, which Mankind into Slavery örings, 
The dull Excuſe for doing filly Things. 


E- I * - N i 

s And it is the more to be wondered at, when we conſider 
d Now readily we find a Remedy in a Diviſion juſt as accu- 
\n late and vaſtly more perſpicuous and eaſy, by diagonal 
ws 1 ines without any Interſections at all. For 10 Diviſions 


Sr the fiducial Edge of the Index, anſwer all the Pur- 
ſſe of 10 concentric Circles as to Accuracy, and with 


h 7 . . 

* hundred Times the Perſpicuity. 

2: But the Diviſion of Degrees into Minutes, by that 
be WE ontrivance called the Noxivs, is beyond Diſpute, the 


Poſt excellent and elegant of all others ; it is alſo very 
by to be underſtood and uſed when rightly conſidered. 
Por ſince each Degree is divided into 3 equal Parts, there 
ill be 21 of thoſe Parts in 7 Degrees, each of which 
ntains 20 Minutes, Then if, on that Piece of Ivory 
lcd the Nonius, we take a Length juſt equal to 7 De- 
fees, and divide it into 20 equal Parte, it is evident, 
lat ſince 20 of theſe anſwer to 21 on the Limb, each 
he of thoſe will exceed each one on the Limb by 2 
rt, that is, by one Minute; therefore 2 on the Vo- 
Ws will exceed 2 on the Limb of the Quadrant by 
inutes; 3 on the Nonzus, by 3 Minutes; and ſo on. 
onſequently, if the Line at the Beginning of the Divi- 
dns on the Nonius be any where between two Diviſions 
the Limb, there will be a Coincidence of one Divi- 
n on the Nonzus, with one on the Limb ſomewhere ; 
d by obſerving where that Coincidence is you will ſee 
the ſame Time how many Minutes the Index has 
ſled the Jaſt Diviſion on the Limb. Thus if the Coin- 


oy Nence be at the 3d Diviſion on the Vonius, it ſhews the 
169 _ | CS N > 

hey dex has paſſed the laſt Diviſion by 3 Minutes; if the 
1 incidence be at the 7th Line on the Nontus, then is 


e Index 7 Minutes beyond the laſt on the Limb, and 
of the reſt. 
But to make this Matter yet clearer, let A B (Fig. 7.) 
preſent a Portion of the graduated Limb of the Qua- 
int, and C D the Non:us on the Index, placed —= | 
Dole itely 
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Minutes, and towards the Right-hand for the 10 laſt 


. * (Fi ig. 8, Jyou obſerve the Circle E N QS is th 


E TI TY 
ſitely thereto, And in taking an Obferyation, ſuppoſe 
the Beginning of the. Diviſions on the Nonius be found 
between 237 and 23? 20, as in the Figure; then looking 
for the firſt Coincidence of Lines on'the Limb and Noni, 
you find it to be at the 6th Diviſion of the Noni 1 
therefore the Altitude is 23? ob”. 5 

If two Lines on the Limb ſhould fall within two Line 4 
of the Nonius (as will ſometimes happen) then that ſhe wi 
you muſt reckon 3 a Minute, or 30“ more than the Left L 
hand Diviſion denotes. 3 
If thefirſt Line or Index of the Natius has moved over | 
a Space leſs than half a Diviſion on the Limb, then the 
Coincidence will be on the Right-hand in the Nonius' 11 
it has moved over more than Half, it will be found oi 
the Left-hand; if over juſt Half, the Coincidence wil 
be at 100. This ſhews the Reaſon why the ai A 
is placed in the Middle of the Nonius, and not at th: : 
End, becauſe in ſuch a Caſe you muſt look through all 
the Diviſions of the Nenius at once for the Coincidence] 2 
whereas now we need look over but one half of them. 

But if 20 Diviſions on the Nonius. be equal to 19 off 
the Limb, then a Diviſion on the Limb will exceed on 
on the Nenius by, 28 Part, that is, by one Minute (fo 
20: 219.21: 28. 12 — 28˙) Therefore the Figure 3 
of the Nonius, in this Caſe, muſt be placed contra 
Ways, viz. to tell towards the Left-hand for the firſt 10 


This ſhews the Reaſon, why ſome Inſtruments have thilfi 
Figures of the Nonius placed one Way, and ſome thy 


To fnd the Lan of a Place by the Meri 
dian Altitude, and Declination of the SUN. 
$ 8 HE Altitude of the Sun is raken by the Quadran 


and the Tables adjoined give the Declination 0 
the Sun for every Day in the Year at Noon; then in th 
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1 1 
Meridian; E Q: the Equator; N 8, the Earth's Axis; 
H O, the Horizon; Z R, the prime Vertical. * 


Nov the Sun (or Star) may be upon tlie, Meridian at 
oniun (a) between the South Part of the Horizon O, aud the 
& Equator E; or it may be at (6) between the, Equator E, 
and the Zenith Z; or it may be on the North Part of 


the Meridian at (c) between Z, and the Pole N; or at 


(a) between the Pole and the Horizon at H. It alſo 
may be in the Equator at E, and in the Zenith Z; and 


ſo upon the Whole, there will be the following fix Gaſes 


with regard to the Latitude. 
Caſe IJ. Let the Meridian Altitude be O a, and South 
Declination E a; then their Sum is OE, which taken 


from O Z, or 90%, leaves E Z, the Latitude of the 


Place. | | 
Caſe II. Suppoſe the Sun in the Equator at E, then 
its Meridian Altitude O E, taken from go“, leaves the 
Latitude EZ. 5 
Caſe III. Let it have North Declination at (5) be- 


tween the Equator and Zenith, then ſubduct the Decli- 


nation E from the Meridian Altitude O, and it will 
gre PE: the Co-Latitude of the Place. Or, in this 


aſe, the Declination E 6, added to the Zenith Diſtance. 
Z b, will give the Latitude E Z. ; 


Caſe1V; If the Sun be exactly in the Zenith Z; 
then its Declination E Z, in the Table, is the Latitude 
W 122 | 
Cafe V. If it be between the Zenith and the elevated 
Pole at (c); then the Co-Dedlination N taken from the 
Meridian Altitude H c, leaves H N, the Pole's Height, 
or Latitudè required. a . $58 


Py [ — * 7 


Caſe VI. Let the Phænomenon be at ⁴ between the 


Pole and the Horizon; then its Meridian Altitude H 4 
taken from its Declination Qd, leaves Q H the Comple- 
ment of the Latitude ſought. 2 | 


Therefore it is clear, that you can find the Latitude 


by Means of the Quadrant, and Table of the Declina- 


7 
. 


tion of the Sun, which on that Account we have here 


ſubjoined. 
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F Jan. | Feb. 

| >| Sun's | Sun's 
| SjDeclin. Declin. 

E jSouth. -[South. 
is -1o «© 
12 916 57 
222 54j16 40 
3122 48016 22 
14422 4216 4 
922 35]15 46 
6022 28015 27 
7122 20115 © 
822 1204 50 
9 

10 

11 

12 


2111 21019 53 


5814 56021 52 
| 73: © 


[March April May | June 
Sun's Sun's | Sun's | Sun's | 
Declin. |Declin. Declin. Declin. 
South. North. North. North. 
0 7 S , O 7 
ö | 
7 23] 4 44j!15 14 
G 
6 37] 5 3015 49 
6 1445 53 6 7 
5 $11 6 1910 24 
5 27]6 39116 41 
$ $47 "oO 57 
4 41] 7 247 14 
1717 ny 30 
3 54/8 i 97 45 
3 30] 8 30018 1 
, 1 $. $8178; #6 
2 43) 9 14018 31 
109 35/18 45 
569 5719 . 
32010 1819 13 


23 
11 42120 5023 
2712 2120 12 


5oſi2 22020 30jz3 29 

14% 42j20 41j23 28] 

37113 2120 $223 27 
113 21021 3023 25 
2953 4121 14/23 23 
14 ofa1 24/23 21 
14 19 21 33/23 18 
3514 3721 43/23 15 

By 4 
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Auguſt 


Dcelin. 
North, 


| $4vq $,ymoy| 


i7 $88 
17 43]- 


i6 55 
16 38 
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Sept. 
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Sun's 
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27 
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North. 
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W. B. Asit is moſt OT when Exactneſs is re- 1 
required, to obſerve the Sun's Altitude by the under or 
upper Limb touching the Edge of the Sea, I preſume. thei ; 
young Navigator need not be told that in the former A 
Caſe the Sun's Semidiameter, or 16”, is to be added, and q 
in the latter to be /ubtrafted from the obſerved Altitude, E 
to have the true Altitude of the Sun's Center. And cha | 
on the Contrary, with Regard to the Zenith Di/lance, the 1 

„16 is to be ſabtracted from the ank Limb, and added A 5 
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new Conſtruction of HA DIE“ 8 Qua 5 
a DRANT with an artificial Horizon. MR 


JN the Uſe of HADIEx's QuapranT, the Inder 

% moves about an Axis at Reſt; if then a black Right 2 

Line be drawn on the Index Glaſs A B, and placed * 

actly on the Center of Motion C, it will repreſent that 

Axis, and conſequently be at Ręſt while the Index moves 
about it. 

T he Image of this Line in the Glaſs F will be plainh 3 
feen by the Eye at I, and it will there appear alſo withoul 
Motion, let the Quadrant or Index move as they will. 

If the Plane of the Quadrant be perpendicular to hel 
Horizon, the Axis of Motion will be parallel thereto; 

and therefore the apparent black Line in the Glaſs F will 
de fixed in a Poſition parallel to the Horizon, in even 
vertical Poſition of the Quadrant. 

Laſtly, in that Poſition of the Quadrant where the 5 
middle Pol B E of the Limb is in a Line C E perpen-· 
dicular. to the Horizon, the Line in the Glaſs Fa will be 
in the Plane which paſſes through the Eye, and is ati 
the ſame Time parallel to the Horizon, Therefore the 
faid black Line in the. Glaſs F will become a fixed Ak- 
TIFICIAL HoRizon, as required, to render the Uſe of 
this excellent Inſtrument univer/al on SEA and Lawn. Ld 

TIT | 5 | o: 8 
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13 

re- For the more ready and expeditious Uſe of this new 
r or conſtructed OcTANT, it is placed on a Foot or Stand, 
the with a Plumb-line, or Spirit-level, to bring it perciſely 
mer into a perpendicular Poſition by adjuſting Screws at the 
and Bottom ; through the: Stem there paſſes a ſtrong Screw 
de, into the back Part of the Quadrant which keeps it very 
that {ſteady and firm for Obſervation. On the Top of the 
the Stand is a ftrong Joint on which the Quadrant is im- 
dedmediately placed in a vertical, oblique, or horizontal Po- 
thelſition, as Uſe requires; and thus all Angles are mea- 
ſured from the Zenith to the Nadir, all round the Ho- 
rizon, and in any oblique Circle, by proceeding accord- 
ing to the following Directions. N 


— 


be U/e of HADLEY'Ss QUADRANT zn rating 


ade AL TITU DES af Land, by Means of the 
ght ARTIFICIAL HORIZON. | 
that PLACE the Quadrant on a firm Table, and in a verti- 
ove cal Poſition with its Limb downwards, where faſten 


t by the Screw in the Stem, and adjuſt it by the Plumb- 
Wine or Spirit-level, to a true perpendicular Poſition. 
hen move the Index forward till the Object is brought 
oven to the artificial Horizon in the ſmall Glaſs, and 
nen it will appear in the real Horizon, and the Angle 
f Altitude above the Horizon will be ſhewn to a Mi- 
Pute on the Limb of the Quadrant. This Method is 


nd Celeſtial. 


the But with reſpect to the Sun, its Altitude may be taken, 
en- yithout looking at it through the Quadrant; for on the 
11 beſ@1ght-vane, which is white on the Inſide, is a black 


ine drawn through the Sight-hole parallel to the Hori- 
on; therefore by only moving the Index, the Shadow 
f the artificial Horizon will be ſeen on the Vane, and 
When it exactly coincides with the black Line, the Alti- 
Ide of the Sun is then ſhewn on the Limb of the Qua- 
rant. In this S of the Quadrant, the Mo- 

h ment 


Poſt ready and accurate for all Objects both Terre/trial 


| i 6 Þ 

ment of Tine when the upper and lower Limb of the 
Diſk of the Sun or Moon touches the artificial Horizon, 
may be obſerved; and from thence the Time of the 
Tranfit of the whole Diſk over a right Line may be 
known for any Altitude, which may be of frequent Uſe 
in Aſtronomy. | 


The Uſe of the QUaDRANT {thus conſtrudted) 1 
for taking the Angle of DEPRESSION below 
the HORIZON. . I 


THE Quadrant being moveable on a Joint is 
to be inverted, or turned with its Arch upwards, 
where it is faſtened by the Screw in the Stem; and ad- 
3 to a perpendicular Situation by the Plummet or 
evel. Then if the Index be moved till any Object be 
gradually raiſed up to touch the artificral Horizon, it 
will then appear in the true Horizon; and the Angle off 
Depteſſion, or Depth, will be expreſſed to a Minute 
on the Limb of the Quadrant above. | 

Thus all Angles of Altitude or Depreſſion above and 
below the Horizon, frem the Zenith to the Nadir, are 
meaſured with the greateeſt Exactneſs and Eaſe. | 
N. B. In all Cafes, the artificial Horizon is to he 
underſtood of a Line paſſing thro” the Eye parallel to the 
Horizon of the Place. And therefore the Height of the 
Eye is to be added or ſubtracted in taking Altitudes or 

Depths, in the ſame Manner as in common Quadrants. 


— 
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The Uſe of the QUADRANT in meaſuring Ho- 
| RIZONTAL ANGLES 

1 HE Quadrant for this Purpoſe is placed in a Poſition 

parallel to the Horizon, or nearly fo (for Exactnels | 

in this Reſpect is not neceſſary.) Then that Line which | 

before was the artiji:al Horizon, is now a general FRI 

cuiar 


E 
* the cular to the Horizon. Then if there be any Number of 
zon, Objects A, B, C, D, &c. whoſe angular Diſtances you 
the would know, proceed thus: Bring the general Perpen- 
7 befWdicular in the Glaſs to coincide with the firſt Object A 
Won the left Hand, and fix the Quadrant firmly; then 
move the Index till you ſee the Object B on the perpen- 
dicular Line in the Glaſs, and the Angle between A and 
BB is then ſhewn by the Index on the Limb of the Qua- 
drant to a Minute, | 
In the ſame Manner you proceed, by moving the Index 
to bring the other Objects C, D, &c. to the artificial 
Perpendicular, and their angular Diſtances from A, and 
from each other, are immediately known. 
If it happens that D be more than go Degrees from A, 
and C be leſs, then looſen the Screw of the Socket, and 
urn the Quadrant round till the Object C be exactly on 


he perpendicular in the Glaſs; then you meaſure the 
ad- Angle between C and D, as before; which added to the 
t or Angle between A and C, gives the Angle between A and 
t bed. And thus you may proceed to meaſure Angles quite 
» y ound the Horizon, in the ſame Manner as with a Theo- 
e 0 


Holite, but much more exactly. 


» — 


and | 
WT he manner of uſing this new conſtructed 
hell QUADRANT at? SEA. 

the 
the 
| OC} 
ts. 


O the Maſt of a Ship let a ſtrong Bar of Iron be fix 
ed, from the End of which, by means of a Gimbol, 
et a Pendulum be ſuſpended ; if the Ball be very _— 
nd the Pendulum of 3 or 4 Feet length, the better. To 
his Pendulum the Quadrant is applied, and thereby kept 
always in a perpendicular Situation. 
Then ſuppoſe the Ship in Harbour, ſurrounded with 
high Lands, Clifts, Houſes, c. ſo that no Horizon ap- 
pears in the Parts towards, or oppoſite: to the Sun; in 


ion Buch a Caſe the common Uſe of Hadley's Quadrant ceaſes ; 
1615 Wbut with the artificial Horizon, the Altitude of the Sun 
- D 2 may 
li- 


„„ 
may be taken when it ſhines, thus; turn the Quadrant 
on the Pendulum to the Sun, and move the Index till 
you obſerve the Image of the artificial Horizon coincide 
with the horizontal Line on the Ivory Sight-vane, and 
then the Altitude of the Sun is ſhewn on the Limb of the 
Quadrant. | | 

Again, in hazy or foggy Weather, when the Sun does 
not ſhine, and no Horizon appears, yet the Place where 
the Sun is, is often-times very eaſy to obſerved, and if 
this be viewed in the pendulous Quadrant, and brought 
upon the artificial Horizon, the Sun's Altitude is ſhewn 
on the Limb nearly as exact as if it had ſhone. The 
Manner of making theſe Obſervations is very eaſy with a 
little Practice, | | 

Or with a ſingle Lens the Image of the Sun, whether 
bright, or behind a Cloud, may be caſt on the Line of 
the Sight-vane, and thereby its Altitude is immediately 
diſcovered. - | 

Theſe new Quadrants may be otherways conſtructed, 
to be uſed at Sea, for taking the Altitude of the Sun or 
Stars, when no Horizon appears. I have ſhewn them to 
many Gentlemen who are good Judges of the Nature and 
Uſes of this Inftrument, who have unanimouſly approved 
of it; and to whom I have ſold many of them, of different 
Sizes, from 6 Inches to 2 Feet Radius. 

N. B. Theſe Quadrants no ſooner were made Public, 
than they were pirated ; but as their Truth depends upon 
ſome nice Pundtilios in the Conſtruction, which they who 
are unacquainted with the Theory of Optics can know no- 
thing of, thoſe Gentlemen who encourage the Piracy, 
are not to wonder if they find themſelves diſappointed in 
the Uſe of a bad conſtructed Inſtrument, 


IIS 
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QUADRANT, Fleet- ſtreet. 


TEE UNIVERSAL OcTanT, or Hadley's 


Quadrant, furniſhed with an artificial 
Horizon, by which it is rendered equally uſe- 
ful at Land and Sea; and ſo contrived, and 
mounted on a Pedeſtal, that any Angles of 
Altitude above, or Depreſſion — the Ho- 


Sold by Mr. Max TIN, at the Sign gf HaADLEY's 


1 


rizon, as alſo all Angles in horizontal and 


oblique Planes may be meaſured to the Ex- 


actneſs of a Minute of a Degree; and is 
therefore of the greateſt Uſe in ſurveying and 
planning of Harbours, Sea-coaſts, Fortifica- 
tions, c. Alſo in Land ſurveying, mea- 
Diſtances, and every Caſe where a Qua- 


drant can be applied to any Purpoſe. 


Price 


II. The Marine PLANE TABLE, for protract- 


ing any Caſe of ſailing immediately, to the 
Exactneſs of a Minute of a Degree, accord- 
ing to the uſual Methods of the Plain, or 


Aerrator's Chart, adapted to the true Figure 


of the Earth. Alſo on this Table Traverſes, 
or any compound Courſes ee be readily 


protracted, reduced to a ſingle one, and 
ſolved. 


III. The Mariner's Sliding-rule ; on which are 


laid down all the Caſes of Plain, Mercator's, 


1 11 6 


Middle-Latitude, and Parallel Sailing, with 


the Proportions by which any Caſe is ſolved 
on the Gunter by Inſpection, without the 


Price from 4s. 6d. to 


IV. The MARINER's Coup ass, rectified in 


Reality; or the Steering Compaſs, conſtructed 


with the true Horizon, adapted to the magneti- 


Aſſiſtance of any Book, or other Inſtrument, 


o 12 6 


my = "a 
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cal One; by which Means the Point of the 
; Compaks upon which the Ship is to be ſteered, 
is ſhewn by Inſpection, and the Trouble and 
Uncertainty of conſtantly allowing for mag- 

© netical Variation is avoided. 
** Compaſſes are alſo made in the ſame Manner . 


HabrEx's Quadrants of different Prices. 


Hadley's 18 Inch Quadrant, ſingle Obſervation, ' 


and Diagonal Diviſions 1 10 0 

—_— „better Sort 1 11 6 

wi — : \ double Obſervation 1 16 © 
— — „ double Obſervations | 

and Nonius Diviſions — 2 0 o 

| ——», with Ivory Arch 2 12 6 


—, with Braſs Index and 


Braſs Arch 8 
— k , in Ebony —— 3 13 6 
4 © 


„ with Braſs Limb and 


Braſs Index 
—— 12 Inch, fingle Obſervation, with Ivory 

Limb and Braſs Index Ss 70 
— , with Braſs Limb, Gc.— 3 oo 
. ——, with double Obſervation, 

Braſs Index, and Braſs Limb s 4-0: 
| Teleſcopes of every Size, for Sea Uſe, together with all 
_ . Other Inſtruments and Books neceſſary in the Practice 
of Navigation. 

The Achromatic Teleſcope at One Guinea per Foot. 


A Catalogue of Inflruments invented by B. MARTIN, and 
made according to a perfect philoſophical Theory. 


3 $® 


A new manual Orrery | 
Planetarium ſhewing the Phenomena of the 

Ptolomaic and Copernican Syſtem, from 81. 8s, 
6 — — — 235 0 0 


1 


So 


Tas 1 2 


| „ 
Lunarium — — — — 5 0 
, for Jupiter's Moons — 5 0 
A new portable Air- pump, excluſive of any Ap- 
paratus 6 
6 


Ditto, ſmaller — | | 
Barometer, Thermometer, and Hygrometer, 
all in one Frame | 
Hydroſtatic Balance, from 15s. to ———— 
A new and moſt accurate Hydrometer for proving 
of Spirits, in a Mahogany Box and Glaſs Jar x 7 
A Goniometer for ſurveying with much greater 
Accuracy than by a T heodolite, from 6/1. 
16s. 64. to — 12 12 O 
A Dialling Sector — — 0 5 0 
A new Protractor, for ſetting off Angles, to a Mi- 
nute, with a Nonius 3 1 
Portable Electrical Machines, from 3/. 35s. od. to 5 5 © 
A new univerſal compound Microſcope, all in 
Braſs, Shagreen Caſe — 5 15 6 
A Pocket compound Microſcope — 111 6 
Ditto all Braſs 2 12 6 
Solar Microſcope in Braſs and Wood, with a 
Nurſſel Skin Tube | 
A new proportional Camera Obſcura; with a 
Solar Microſcope 
A compleat Apparatus of Optical Inſtruments 
in Braſs, conſiſting of a new univerſal com- 
pound Microſcope, a Solar Microſcope of 
the lateſt Improvements; with a Megala- 
ſcope, and Stand for Wilſon's Microſcope. 
The Whole is furniſhed with every Thing 
neceſſary for the niceſt Obſervations with the 
Microſcope — 13 2 6 
A portable optical Apparatus, conſiſting of a 
Scioptric Ball and Socket, a Solar Microſcope, 
Wilſon's Microſcope, a Pocket Compound Mi- 
croſcope, a Pocket Teleſcope and Solar Te- 
leſcope, in ſpotted Fiſh-ſkin and Bras 3 13 6 


Viſual 


5 

5 

6 
Ditto, with a Clamp — — 61 

— — 4 

2 

2 


— 1326 


J. 6. d. 
Viſual Glaſſes or SpeQacles of anew Conſtruction, 1 
© beſt Sort in Temple Frames c 0-5-0] 


Jand Fire Screens with Apparatus: for ſolving © © 
6 
6 


. 
* 


| ; # x. ="; T EY 


Problems 2— 0 
Noſe Viſual Glaſſes — ro 
Ditto, with the beſt Pebbles, in Temple 

R „ FAS 0 16 0 
N. B. Good ade will be made to Merchants and 
others who ſell again, as he deals for ready Money, 
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